Abstract. A case-control study was carried out to investigate risk factors in the development of hepatocellular carcinoma (HCC) in Henan, China. A total of 152 patients with HCC and 115 control patients with nonhepatic disease were included in this study. The risk factor analysis indicated that individual history of liver disease (odds ratio [OR] ϭ 11.77; 95% confidence interval [CI] ϭ 3.94-35.18), family history of liver disease (OR ϭ 11.80, 95% CI ϭ 2.75-50.61), drinking of alcohol (OR ϭ 1.06, 95% CI ϭ 1.02-1.10), corn consumption (OR ϭ 19.43, 95% CI ϭ 3.67-102.98), peanut and peanut oil consumption (OR ϭ 13.75, 95% CI ϭ 3.69-51.16), and infection with hepatitis B virus (HBV) (OR ϭ 44.59, 95% CI ϭ 12.54-158.49) were significantly different between the case and control groups (P Ͻ 0.01). We also found that there was a dose-response relationship between drinking of alcohol and development of HCC, whereas heavy drinkers experienced an approximately 3-4-fold risk increase compared with nondrinkers. In further analysis, a 1:1 pair-matched case-control study was performed. One hundred thirteen of 152 HCC patients were randomly selected to be pair-matched by sex and age (Ϯ 5 years) with the controls with nonhepatic disease. The results from the 1:1 pair-matched case-control study were consistent with the results from the group-matched case-control study. The findings of this study suggest that hepatitis virus (HBV, HCV) infection, drinking of alcohol, and dietary exposure to aflatoxin are likely etiologic agents of HCC in Henan, China.
Hepatocellular carcinoma (HCC) is one of the most common cancers in the world, particularly in Africa and Asia. 1, 2 In China, HCC is the third leading cause of cancer death after cancer of the stomach and esophagus. 3 Henan province is located in the central part of China, with a population of approximately 90 million people. According to a report by the Henan Tumor Research Institute in 1992, the mortality rate from malignant liver tumor in Henan province is 22.78 per 100,000 each year (unpublished data). This rate is relatively higher when compared with the standardized mortality rate for HCC in China. The principal etiologic factors for HCC have been identified as infection with hepatitis B virus (HBV) or HCV, dietary exposure to aflatoxin, drinking of alcohol, and use of oral contraceptives in China and other countries. [4] [5] [6] [7] [8] However, there has been very little systematic investigation of the relative importance of these and other possible risk factors in Henan. To determine the risk factors in the development of HCC in Henan, China, a case-control study of 152 HCC patients and 115 control patients with nonhepatic disease was carried out.
MATERIALS AND METHODS
In this study, 152 patients with HCC were recruited among patients admitted between January 1994 and October 1995 to four hospitals in Henan province, including the First and Second Teaching Hospital of Henan Medical University, Henan Province Hospital, and Henan Tumor Hospital. Diagnosis of HCC was based on elevation of serum alpha fetoprotein (Ͼ 400 ng/ml) levels, together with a lesion in the liver detected by ultrasonography or computerized tomography. Ninety-five of these HCC patients had a histopathologic diagnosis of HCC. One hundred fifteen controls with nonhepatic disease were randomly selected from patients who were admitted to the hospitals mentioned. Twenty-one, 62, and 32 of these controls had diseases that needed to be treated in Divisions of Surgery, Internal Medicine, and Tumors, respectively, of the four hospitals. Every control patient was definitely diagnosed to have a disease that was not associated with hepatic disease. We selected controls so that distribution by sex and age was as similar as possible to that of the cases. The characteristics of 152 HCC patients and 115 control patients are shown in Table 1 . The demographic characteristics between two groups were highly comparable. There were 136 men and 16 women in the case group (mean Ϯ SD age ϭ 51.9 Ϯ 12.5 years, range ϭ 18-88 years). There were 99 men and 16 women in the control group (mean Ϯ SD age ϭ 52.5 Ϯ 12.7 years, range ϭ 17-86 years). A 1:1 pair-matched case-control study was also performed. One hundred thirteen of 152 HCC patients were randomly selected to be pair-matched by sex and age (Ϯ 5 years) to the controls with nonhepatic disease. Written informed consent was obtained from all patients participating in the study. This study was reviewed and approved by the Scientific Achievement and Project Evaluation Committee of the Health Bureau of Henan province.
All the cases and controls were interviewed during the course of hospitalization by two specially trained interviewers who administered a standard questionnaire. This questionnaire was administered to obtain information on demographic characteristics, medical history, individual and family history of liver disease and malignant neoplasm, history of alcohol consumption and cigarette smoking, dietary history (consumption of peanuts, peanut oil, corn, and vegetables), history of contacting toxic substances (chemical or pesticide exposure), history of blood transfusion, and history of psychological distress (e.g., death of or disease in the immediate family members, etc.). In this study, smokers were defined as those who had smoked almost every day (at least one pack [20 cigarettes] per week for at least one year). For drinking habits, drinkers were defined as those who had drunk at least 50 grams of alcohol per day once a week or more for at least one year. All blood specimens were collected, aliquoted, and stored at Ϫ70ЊC until tested. All sera were tested for hepatitis B surface antigen (HBsAg), antibody to hepatitis B core antigen (anti-HBc), antibody to HBsAg (anti-HBs), hepatitis B virus DNA (HBV DNA), and antibody to hepatitis C virus (anti-HCV). The HBsAg and anti-HBs were tested by a radioimmunoassay, anti-HBc and anti-HCV were tested by an enzyme immunoassay (EIA). Hepatitis B virus DNA was detected by using the polymerase chain reaction (PCR). We also carried out a reverse transcription-polymerase chain reaction (RT-PCR) for the detection of HCV RNA to confirm HCV infection in sera positive for anti-HCV. Infection with HBV was defined as being positive for at least one of the four markers (HBsAg, anti-HBs, Anti-HBc, and HBV DNA).
Odds ratios (ORs) and 95% confidence intervals (95% CIs) for the risk factors of HCC were calculated by a logistic regression model controlling possible confounding factors such as sex and age using the SAS statistical package (SAS, Inst., Cary, NC). Multivariate analysis was done on the basis of univariate analysis for the risk factors of HCC. P values Ͻ 0.05 were considered statistically significant.
RESULTS
Univariate analysis of risk factors for HCC. As shown in Table 2 , univariate analysis of risk factors for HCC indicated that a history of liver diseases (individual and family), drinking of alcohol, dietary aflatoxin intake (corn, peanuts, and peanut oil consumption), or contact with a toxic substance (chemical or pesticide exposure) were significantly different between the case and control groups. Two of these factors (history of liver diseases and dietary aflatoxin intake) were highly significant risks for HCC (P Ͻ 0.01). Additional analysis showed that there was a dose-response relationship between drinking of alcohol and development of HCC, and heavy drinkers (Ͼ 5,000 grams per month) had an approximately 3-4-fold risk increase compared with nondrinkers ( Table 3 ). The analysis of data on smoking habits showed that there were no significant differences between cases and controls. Also, the OR values for the cumulative years and amounts of smoking were not significantly increased, and there were no clear dose-response relationships.
Data on the analysis of infcetion with HBV and HCV as risk factors for HCC showed that the risk of developing HCC was strongly associated with the presence of HBV infection (OR ϭ 31.22, 95% CI ϭ 13.86-72.15). However, there was no significant association between HCV infection and HCC (OR ϭ 3.06, 95% CI ϭ 0.46-20.24). Moreover, the risk of developing HCC increased significantly and showed an additive effect modification when both HBV and HCV infection were considered (OR ϭ 42.85). The detailed results of HBV and HCV infection as risk factors for HCC in Henan have been reported in a separate paper. 9 Multivariate analysis of risk factors for HCC. To further analyze risk factors for HCC, the unconditional logistic regression model for the multivariate analysis was used based on the univariate analysis. These factors, which included a history of liver disease (individual and family), drinking of alcohol, cigarette smoking, dietary aflatoxin intake (corn, peanuts, and peanut oil consumption), contact a (Table 4) . One : one pair-matched case-control study of risk factors for HCC. A 1:1 pair-matched case-control study was performed. One hundred thirteen of 152 HCC patients were randomly selected to be pair-matched by sex and age (Ϯ 5 years) to the controls with nonhepatic disease. The results of univariate analysis of risk factors for HCC indicated that an individual history of liver diseases (OR ϭ 12.00, 95% CI ϭ 5.80-21.83), family history of liver diseases (OR ϭ 12.67, 95% CI ϭ 2.55-32.35), corn consumption (OR ϭ 14.00, 95% CI ϭ 2.64-74.33), peanut and peanut oil consumption (OR ϭ 8.33, 95% CI ϭ 4.04-17.17), HBsAg positivity (OR ϭ 32.50, 95% CI ϭ 13.20-80.00), HBV DNA positivity (OR ϭ 23.00, 95% CI ϭ 5.48-96.46), and infection with HBV (OR ϭ 18.75, 95% CI ϭ 9.04-38.89) were significantly different between these two groups (P Ͻ 0.01). The conditional logistic regression multivariate analysis also indicated that an individual history of liver diseases (OR ϭ 7.84, 95% CI ϭ 2.83-21.70), family history of liver diseases (OR ϭ 5.07, 95% CI ϭ 1.46-17.66), corn consumption (OR ϭ 16.44, 95% CI ϭ 1.67-61.65), peanut and peanut oil consumption (OR ϭ 3.51, 95% CI ϭ 1.45-8.47), and infection with HBV (OR ϭ 30.17, 95% CI ϭ 9.44-96.40) were important risk factors for HCC (Table 5) . These results were consistent with those obtained by univariate analysis.
DISCUSSION
This study is the first reported case-control study of HCC in the Henan area of China. Our study provides further evidence that chronic HBV infection is strongly associated with the development of HCC in the population in this area. In this study, seropositivity for infection with HBV and HCV in patients with HCC was 76.3% and 11.2%, respectively. This suggested that most cases of HCC were virus-related chronic liver disease. The analysis and discussion related to HBV and HCV infection as risk factors for HCC in Henan have been reported in a separate paper. 9 Univariate analysis of risk factors for HCC indicated that a history of liver disease (individual and family), drinking of alcohol, dietary aflatoxin intake, and a history of contact with a toxic substance were significantly different between the case and control groups. Additional analysis showed that there was a dose-response relationship between drinking of alcohol and development of HCC, whereas heavy drinkers experienced approximately 3-4-fold risk increase compared with nondrinkers, although an excess risk among light or moderate drinkers was not evident. During the past decade, a considerable number of epidemiologic studies of HCC, in particular case-control studies, have been conducted in association with alcohol consumption and have showed fairly consistent results. [10] [11] [12] There appears to be sufficient evidence that heavy alcohol consumption is a risk factor for HCC. However, the mechanism of how alcohol consumption is related to the occurrence of HCC remains to be elucidated. The common viewpoint from most researchers is that alcohol may act as a co-factor that promotes the development of HCC among those infected with HBV or HCV. The association of cigarette smoking with HCC has been debated in previous studies. [11] [12] [13] [14] In our study, no significant association between HCC patients and control patients was found. Henan is one of the largest agricultural provinces in China. One possible source of increased exposure of residents to aflatoxin may be through consumption of peanuts and corn. There is much data indicating that peanuts and corn are commonly contaminated with aflatoxin in China and other parts of the world. [15] [16] [17] [18] In geographic areas with a high incidence of HCC, exposure to dietary aflatoxin B1 and chronic HBV infection are synergistic risk factors. 19, 20 In this study, we found that there was a significant association between consumption of peanuts or corn and HCC. This suggests that exposure to aflatoxin has played an important role in the development of HCC in Henan, China.
An unconditional logistic regression model for multivariate analysis was used based on univariate analysis. These factors, which included a history of liver disease (individual and family), alcohol consumption, dietary aflatoxin intake, psychological stress, and infection with HBV, were considered to be the risk factors for HCC. This was consistent with the results of univariate analysis. Analysis of a 1:1 pairmatched case-control study also showed results similar to those of the group-matched case-control study. Our results indicate that hepatitis virus (HBV, HCV) infection, alcohol consumption, and dietary exposure to aflatoxin are likely etiologic agents of HCC in Henan, China. Additional studies are needed to determine the interactive effects and mechanisms of these etiologic agents in this and other regions of China.
